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Cadiax Axiography and NewTom 3G Tomography Condylar Measurements
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Dr. Joseph Caruso, Chairperson

This study compared the curves for the mandibular movement obtained from

computerized axiography (Cadiax)and NewTom 3G cone beam volumetric tomography.
Fifteen subjects(n=15)from the Loma Linda University School of Dentistry

obtained a Cadiax mandibular jaw tracing and a NewTom 3G scan of their condyles and
surrounding structures while in centric relation(CR). In addition, three condylar
measurements obtained from the Cadiax and the NewTom 3G were compared: sagittal

eminential angle(SEA), progressive mandibular lateral translation(PMLT), and early
mandibular lateral translation(EMLT).
No differences were noted between the Cadiax and the NewTom 3G mandibular

tracings when the gender or age of the subject was considered. The best correlation for
SEA between the Cadiax and the NewTom 3G was when the whole curve ofthe Cadiax

was compared to the curve of all the sections(Group A)obtained from the NewTom 3G

minus the first three data points (first three millimeters in the x-axis)(Group 5). The
Pearson's coefficient of correlation for the 5A Group was +0.6031. The Pearson's
coefficient of correlation between PMLT measurements obtained from the Cadiax and

the NewTom 3G was +0.649. An equation was described that can convert the PMLT

obtained from the NewTom 3G to the Cadiax measurement. No correlation was found

between the Cadiax and the NewTom 3G with respect to EMLT. A description of the
right and left condyles in relation to the articular eminence was described. Setting an
articulator using NewTom 3G measurements is not a time-saving technique when
compared to the Cadiax.

The following conclusions were made:

1) A new method for obtaining sagittal eminential angle(SEA)and progressive
mandibular lateral translation(PMLT)measurements from the NewTom 3G
apparatus has been described.

2) Compared to intra-oral records, the NewTom 3G method for obtaining
articular settings does not require chair-time because these measurements can
be deduced outside the dental office by a technician.

3) As demonstrated with the occlusal patterns, SEA may be clinically significant,
whereas PMLT may not be clinically significant.

CHAPTER ONE
INTRODUCTION

Purpose

This study compared border positions of the mandible—sagittal eminential angle
(SEA), progressive mandibular lateral translation(PMLT)and early mandibular lateral
translation(EMLT)—using two distinct methodologies: computerized axiography
(Cadiax)and NewTom 3G cone beam volumetric tomography(NewTom 3G).
The primary objective was to determine if there is a correlation between the two

systems: Cadiax and NewTom 3G. A secondary objective was to determine if NewTom

3G is a useful and time-saving system for programming semi-adjustable articulators. A
tertiary objective was to evaluate the occlusal patterns of a maxillary first molar using the
condylar measurements provided by both systems. The null hypothesis was that there are
no differences among the three condylar measurements obtained from either Cadiax or
NewTom 3G.

Background

History of Obtaining Condylar Measurements by Tracing Mandibular Movements

In 1896, Dr. W.E. Walker' reported his observation that the mandible moves
downward and forward. In his paper, he stated that he had thought his findings were
original. Moreover, his colleagues and discerning students encouraged his belief, but

Walker explained that credit for the observation of the downward and forward movement

ofthe mandible belonged to Dr. Charles E. Luce^ some seven years earlier in 1889.
Luce fashioned a tracing device under the direction of his mentor, Professor

Henry P. Bowditch. Shiny silver beads were placed at three references near the condyle,
the ramus, and the mandibular incisors. Bright sunlight reflected offthe beads and a
continuous photograph in motion was recorded. Luce was able to demonstrate the

downward and forward path of the mandible with the forward motion beginning
immediately upon opening the mouth. Contrary to the opinions of respected anatomists
at the time, Luce believed that pure rotation on a transverse axis against the meniscus did
not occur. In accordance with this belief, a modem view ofthe chewing cycle, according

to Lundeen and Gibbs^, may not exhibit a pure rotation of the condyle.
In addition to being credited with performing the first mandibular tracing device.
Luce also initiated the debate over the existence of a true hinge axis. That debate

continues to this day. He did not believe in the existence of one tme hinge axis.
Enlightened by Luce's findings. Walker designed and built his own tracing device that he
named the "facial clinometer." This device was designed to measure the angle formed by

the plane of occlusion or the alveolar plane and the direction of the condylar path.' Up
until that time, articulators were not designed to incorporate the variability in individual
condylar paths. Walker applied his knowledge of mandibular movements and
constmcted an articulator with an adjustable angle. He considered the anatomists' views

of mandibular motion as faulty, because they did not take into account the action of
muscles, the intra-articular fibro-cartilage, or the synovial sacs and membranes.

Campion,'* expressed his displeasure with the current status of articulators in
1905. He accused Bonwill, Walker, Schwartz, Christensen and Gritman of upholding
articulators that were not truly anatomic. By creating a new tracing apparatus. Campion
hoped to reproduce the movements of the mandible and fabricate an articulator that was,
in all sense of the word, anatomic. He affixed a sliding brass rod to the mandibular teeth

with modeling plastic. A brass point was positioned near the condyle at the position
estimated to be the hinge axis or rotational center. A mixture ofrouge and oil was used
to mark the facial skin in the preauricular area at different positions of mandibular

movement. White blotting paper transferred the dots to a lantem slide. By connecting
the dots. Campion was able to delineate the unique mandibular path of each patient. He
observed strait paths, sigmoidal paths, and tracings with variations in the slope. He
believed that an articulator should allow the operator to program these highly
individualized variations in mandibular movement. Another important point was
Campion's belief that the hinge axis should coincide with the axis of the articulator shaft.

Thus, Campion is credited with being the first person to recognize the importance of the
true hinge axis.

Different and innovative methods have been employed for tracing mandibular

motion. In the years since Campion's work, Hildebrand^ used radiographic fluoroscopy.

Condyle positions were evaluated by Higley and Logan^ using a series of cephalometric

radiographs. Frank^ studied condylar movement using stereoscopic radiographs. The
"gnatho-thesiometer" developed by Posselt^ was an apparatus that recorded early
mandibular lateral translation(EMLT), sagittal eminential angle(SEA)as well as tooth

contact positions. Lindblom^ used cineradiography to analyze movements of the
condyle.

In 1955, McCollum and Stuart'® described the pantographic method for recording
condylar movements in three spatial planes. This device contributed greatly to current
understanding ofjaw movements and the impact on occlusal morphology. Stuart
theorized that there are three main axes: the horizontal intercondylar axis and the right

and left vertical condylar axes." The horizontal condylar axis is reproducible by
tattooing external points on the face that indicate the location of the hinge axis and a third
reference point. Unlike other tracing systems concerned with the motion of mastication
or movements dictated by the teeth, Stuart's pantograph recorded reproducible and

repeatable border movements. However, Stuart pointed out that sagittal eminential angle
(SEA)is not repeatable because of the heavy influence of muscular control. The
pantographic method is made possible by magnifying records made at a distance from tbe
hinge axis. Tracings near the condyles are "extensions" of the condyle's themselves

where the gothic arch tracings are "extensions" of the movement of the body of the
mandible. The records are then traced by the articulator in a fashion that best fits the
shape ofthat path. In order to achieve this outcome, selective grinding or addition of
plastic is often required. The design of the pantograph and the Stuart articulator are

complicated and go far beyond the rule of simplification for most general dentists. Stuart

stated that the complexity in attaining accurate records and programming the articulator

were futile if the centric relation(CR)records were incorrect."
To simplify Stuart's technique, Guichet'^ made some modifications to the
pantograph in 1969. One such change was the elimination of the sliding axes for

progressive mandibular lateral translation(PMLT). Apparently, the effect of restricting
an articulator to one hinge axis has no major effect on occlusal anatomy that would have

a clinically significant result. That same year, Lee'^ reported his method for recording
jaw border movements. He engraved solid plastic blocks using high-speed air turbines.
The convenience of using one articulator and changing the settings by the simple means
of replacing an engraved block was an attractive altemative, because it saved the dentist
time.

At the other end of the spectrum was a new type of tracing technique Jankelson''*
developed and referred to as kinesiometric instrumentation. He devised a method for

recording "myo-centric", centric occlusion(CO), and other movements with a device he

called the myomonitor. He theorized that centric relation should be a point at which the
muscles of mastication are at rest. The fallacy of this theory is that when the muscles of
mastication are at physiologic rest, they are in a constant state of tonicity, which actually

influences the centric relation position. In 1980, Slavicek and Sperr'^ published an article
on computer aided axiography (Cadiax). In recording mandibular movements with this

method, all three planes by the pantographic technique are digitized. The electrontic
pantograph saves the dentist time in programming the articulator. A computer is
responsible for analyzing the data and suggesting the best articular settings for a specific

instrument. The Cadiax is advantageous over analog pantographic systems, because the
Cadiax is able to provide settings for a number of articulators directly from the patient's

mandibular movements. The analog pantographic systems, on the other hand, must be

"re-traced" in order to program a compatible articulator. According to Beard, et. al.,^^
this "re-tracing" procedure incorporates a measurable degree of error when setting an

articulator. The Cadiax also gives the tracing the fourth dimension oftime. This is

especially useful when viewing early mandibular lateral translation(EMLT). The timing
of when EMLT occurs may be analyzed. For example,EMLT may occxu" immediately,
early, progressively, or as a mixture of early and progressively. This fourth dimension
can also facilitate splint fabrication for subluxated joints. Patients could be monitored

during physical therapy for certain disorders, such as discopathy and derangement of the
temporal mandibular joint(TMJ). The methodology reportedly is simple to use when

treating patients.'^

Anatomy

The temporal mandibular joint(TMJ)is a diarticular ginglymo-arthrodial joint.'^
This means that the complex is made up oftwo joints that act in concert by a combination
of rotating and sliding movements. The goal of these movements is to achieve the

function of mastication, deglutition, and speech. The articular surfaces ofthe joint are

the temporal bone and the condyle ofthe mandible. A fibrous capsule encloses the joint
complex. Between the two articulating surfaces is the fibrous, biconcave disc or
meniscus. The meniscus divides the joint into two compartments, namely the upper and
lower synovial cavities. Reinforcement of the capsule ofthe TMJ is provided by the TMJ
or lateral ligament, which prevents excessive retraction of the mandible. Two other

ligaments associated with the TMJ are the sphenomandibular and stylomandibular
ligaments. These ligaments become taut when the mandible is protruded.
Another factor that influences protrusive movement is the meniscus. According

to Boucher'^, the sagittal eminential angle(SEA)is influenced by the meniscus.

regardless of the articular eminence. This observation is important, because it implies
that measuring the angle ofthe eminence(SEA)by radiographic methods is inaccurate.
The muscles of mastication are derived from the first pharyngeal arch and innervated by
the trigeminal nerve. One theory is that the cumulative vector force ofthe elevation of

the mandible by the muscles of mastication places the articulating surface ofthe condyle
in centric relation (CR). In order to prove this theory, one must account for the direction

and magnitude of the muscles involved, as well as any other muscles or ligaments that
might resist these vectors. The masseter muscle originates from the zygomatic arch and
inserts onto the lateral surface of the ramus of the mandible and the coronoid process of
the mandible. The temporalis muscle originates from the temporal fossa and deep surface
of the temporal fascia. Insertion of the temporalis muscle is the medial surface of the
anterior border ofthe coronoid process and the anterior border of the ramus of the

mandible. The posterior fibers retract the mandible. The medial pterygoid muscle has
two components. The deep head originates from the medial surface of the lateral

pterygoid plate of the sphenoid bone and the pyramidal process of the palatine bone. The
superficial head originates from the pyramidal process of the palatine bone and the
tuberosity of the maxilla. Insertion ofthe medial pterygoid muscle is the lower and
posterior part ofthe medial surface ofthe ramus and the angle ofthe mandible. This

muscle is capable of elevating the mandible and grinding when each muscle contracts in

an altemative fashion. By understanding the origin and insertion of the major elevator
muscles of mastication, it becomes apparent that centric relation(CR)is not merely a

theoretic point. Radu, et. al.'^ measured the position of the condyle-meniscus assembly
on the articular eminence under the force of the elevator muscles ofthe mandible. Of all

the positions of the condyle in the fossa tested, he found that the anterior-superior
position in the fossa was the most stable.

Occlusion and the Mandible

The four components ofocclusion are 1) TMJs,2) musculature, 3)tissue support

and 4)teeth.

The ideal occlusal scheme is one where these four components function in

harmony. Without the TMJs, there are no pivot points to provide stability; and there are
no guides to definitive border movements. In addition, the TMJs provide the mandible a
vertical stop. Without the musculature, there is no action of the mandible to work.

Without tissue support, complete dentures have no foundation to resist forces. A mouth

without teeth is unaesthetic and impairs one's ability to speak and masticate. The effects
of each component acting in concert are demonstrated by healthy hard and soft tissue,

occlusal morphology, asymptomatic muscles and the condyle in a stable joint position

during static force, movements of the mandible, and at rest. Posselt^ studied the threedimensions of mandibular movement and was the first to elucidate its shape and
dimensions from a point of origin at a mandibular anterior incisor; this later became
known as "Posselt's envelope of function".
The mandible functions within the confines of its border movements; as such,

articulators are adjusted to stay within these borders. Many theories abound concerning

the limitations of these border movements. Page^° and Steinhardt^' reported that the
ligaments associated with the TMJ limit posterior movement. These conclusions were

refuted by Boucher'' in a study involving patients with severed temporal-mandibular and
capsular ligaments. Gothic arch tracings and CR records were obtained before and after

the surgical procedure. Boucher found that the CR records and tracings were identical.
He concluded that the ligaments do not influence border positions ofthe mandible.
Payne22 studied condylar determinants of fifty-five patients by tracing mandibular
movements with an electronic pantograph. Individual variations in early mandibular
lateral translation(EMLT), progressive mandibular lateral translation(PMLT)and
sagittal eminential angle(SEA)were reported. These variations were significant and

demonstrated the wide variability among patients. Mongini and Capurso^^ investigated
some factors that influence mandibular border movements. Their findings suggested that
anatomic and neuromuscular factors affected border movements. Muscle tension led to

irregular tracings, which improved after subsequent sessions of neuromuscular relaxation
exercises.

Zarb studied EMLT and arrived at some interesting conclusions. Mandibular

tracings were made using two methods. One method traced movements with the condyle
referenced at the superior-anterior-midmost(SAM)under a biting force. The other

method used chin-point guidance as a surrogate for the rearmost-uppermost-midrnost
(RUM)position of the condyle in the fossa. When the condyles were braced in the SAM

position, early mandibular lateral translation(EMLT)was unseen on the tracing, only
progressive mandibular lateral translation(PMLT)was displayed. However, when chin

point guidance was used during the tracing, early mandibular lateral translation(EMLT)

was evident. The author theorized that when the condyle is not braced against the
glenoid fossa, it is further away from the medial wall. This increased distance from the

medial wall may explain why early mandibular lateral translation(EMLT)is present in

some tracings when chin-point guidance is used. The clinical significance ofthis finding,

according to Zarb,^'* is that early mandibular lateral translation(EMLT)is an artifact.

Effect of Condylar Measurements on Occlusal Patterns

When a fixed dental prosthesis is fabricated, the following parameters should be

considered in the occlusal pattern ofthe restoration: 1)Incisal guidance 2)sagittal
eminential angle(SEA),3) progressive mandibular lateral translation(PMLT),4)early
mandibular lateral translation(EMLT),5)posterior wall inclination(PWl),6)superior
wall inclination(SWI), 7)intercondylar distance(ICD),8)the Curve of Spec and 9)the

orientation of the occlusal plane.^^ However, the theoretical occlusal patterns obtained
from mandibular border positions have yet to be proven to be clinically advantageous
over occlusal pattems acquired from arbitrary or other theoretical techniques. Moreover,
studies investigating the development of the condyles and its effect on the occlusal
pattems of empting teeth or vice versa have not been performed. Therefore, it is

unknown whether the condyles influence the teeth or if the teeth influence the condyles.
In a mutually protected occlusal scheme, the anterior teeth disocclude the

posterior teeth during mandibular movements. In a discussion by Schuyler,^^ he points
out that incisal guidance and EMLT control the lateral functional inclinations of the

posterior teeth and the balancing contacts of posterior teeth. He concluded that incisal

guidance is the predominating factor in controlling posterior occlusal contours and that a
complete restoration of the mouth should first include the anterior teeth, and then the
posterior teeth.

Sagittal eminential angle(SEA)has its greatest influence on cuspal height

mesiodistally.^' A steep SEA may result in greater height, whereas a shallow SEA must
result in a reduced cusp height. When non-working movements are considered, a steep
path may result in steep inclines ofthe mesial aspect ofthe lingual incline of the
mandibular buccal cusps and the distal aspect of the facial incline of the maxillary lingual
cusps; and the reciprocal rule occurs for a shallow path. An important adjunct to SEA is

the curvature of the eminence. The smaller the radius of the eminence, the greater the
cusp height may be; and the greater the radius of the eminence, the smaller the cusp

height must be.^^

PMLT affects the non-working ridge and groove direction.^^ A greater PMLT
angle will result in a more mesial placement of the distobuccal groove of a mandibular

molar; whereas a lesser PMLT angle will result in a more distal placement of the

distobuccal groove.^^ However, Lundeen, et. al.^^ studied border movements of the
mandible and found that PMLT was approximately 7.5° for most patients. According to

Shulte,^° the range of difference ofPMLT from 0 to 25 degrees, on a Stuart articulator, is
not clinically significant. However, early mandibular lateral translation(EMLT)is
clinically significant.
In the horizontal plane, EMLT influences the cusp travel of a non-working

movement of the maxillary lingual cusp through the distobuccal groove of the mandibular

molar.^^ The greater the EMLT,the more mesial is the distobuccal groove. The lesser
the EMLT,the more distal is the location of the distobuccal groove. EMLT affects the
width of the central fossa of the posterior teeth and the lingual concavity of the anterior
teeth. The greater the EMLT,the greater the width of the central fossa of the posterior

teeth must be and the greater the lingual concavity of the anterior teeth must be. In the
coronal plane, the greater the EMLT the more shallow are the inner inclines of the

posterior teeth and the larger are the dimensions ofthe lingual concavity ofthe anterior
teeth.

Posterior wall inclination(PWI)affects the occlusal pattems on the working

side.^^ An outward and backward inclination of the posterior wall will result in a more
mesial path of the maxillary lingual cusp through the lingual groove of the mandibular
molar. An outward and forward inclination will result in a more distal path. According
to Shulte,32 the extremes ofPWI from -25 degrees to +25 degrees on a Stuart articulator
produce an eight degree variation of the mandibular lingual groove. However,the
authors suggest that this may not be clinically significant.

Superior wall inclination(SWI)influences the working side inner inclines of the
posterior teeth and their corresponding articular inclines of the opposing teeth—the inner
inclines are the facial inclines of the lingual cusps of the mandibular molars and the

lingual inclines of the facial cusps of the maxillary molars.^' An upward inclination of
SWI produces shallow working inclines; whereas a downward inclination allows for

steep inclines. When the SWI changes from +25 degrees to -25 degrees on a Stuart
articulator, the net vertical difference after two millimeters of cusp travel as viewed from

the coronal plane is approximately 200 micrometers.^^ This difference may be clinically
significant.

Intercondylar distance(ICD)has a normal range of 100 mm to 120mm.

According to Dawson^^, this range ofICD has an indistinguishable effect on occlusal
pattems. Nonetheless, the greater the ICD,the more distally located are the working and

non-working grooves on the mandibular posterior teeth and the lesser the ICD,the

grooves are located more mesially.^^
The Curve of Spec and the orientation ofthe occlusal plane are factors that may

influence cusp height.^^ The larger the radius of the Curve of Spec, the taller the
posterior cusps may be. As the plane of occlusion approaches the sagittal eminential

angle(SEA), the shorter the cusps must be.^'
Each ofthe factors mentioned above should be considered in the fabrication of a

dental restoration. Although all the determinants of occlusion are important, incisal

guidance, SEA and EMLT seem to have the greatest influence on cusp height and ridge
and groove direction. Most of the determinants are dictated by the patient's anatomy; but

under special circumstances, as in a complete mouth rehabilitation, the Curve of Spec and
orientation of the occlusal plane are, to a certain degree, in the dentist's hands. This level

of control requires strict attention to detail and a high level of precision. When all of
these determinants of occlusion come together, the final result for the patient will
epitomize form, function, and aesthetics.

Third Point of Reference

In order to describe a particular plane in space, three points must be identified and

recorded in that plane. If casts are to be mounted accurately on an articulator, the dentist
must first identify the kinematic horizontal hinge axis by marking the right(point #1)and
left (point #2)rotational centers of the condyle during a hinge movement, and an anterior
reference point(point #3). The reference plane that results will approximate the
reference plane of the articulator. Some articulators, such as the SAM articulator, use the

Frankfurt horizontal plane as its reference, while other articulators, such as the Hanau H2,

use the axis-orhitale reference plane. In a study by Bailey,^'' the average difference
between the Frankfurt horizontal plane and the axis-orhitale plane was seven degrees on
average. The difference between Camper's plane and the axis-orhitale plane is
approximately fifteen degrees. Therefore, proper orientation of the horizontal reference

plane is important to programming an articulator when the Cadiax is employed.
When a dental articulator is programmed, it is performed by utilizing one of the
following techniques: 1)"check-bite" records, 2) mandibular tracings, 3)computerized
axiography(Cadiax) or 4)arbitrary settings. The first two methods,"check-bite" records

and mandibular tracings, inherently take into account the horizontal reference plane.
However, when the Cadiax is employed, the reference plane plays a significant role in
programming the articulator. In order to minimize error in programming the articulator,
the horizontal reference plane should be as accurate as possible when transferring this
information from the patient to the articulator. Any discrepancies will have the greatest
repercussions in the sagittal plane. For example, if the third point of reference had an
error of 10 degrees, the result would be a 10-degree error of the sagittal eminential angle
(SEA). This error would then affect the cuspal height of the posterior teeth and the inner
inclines of the cusps in non-working movements.

Accuracy of Cadiax and NewTom

An in-vitro study of the Cadiax was evaluated for reliability and validity

The

Cadiax was set up on an articulator with equivalent reference planes. Preset border
movements were performed on the articulator and the results were compared to the

Cadiax readings. For the Denar D5A articulator, no significant differences were found.

The authors concluded that the Cadiax is a reliable and valid method for obtaining
mandibular border positions.

Another study found comparable results with a similar methodology.^^ Preset
border position settings were made on the Artex Reference SL articulator. It was found

that the error in the sagittal eminential angle(SEA)ranged from 0.4 degrees to 2.6
degrees. The progressive mandibular lateral translation(PMLT)had errors ranging from
zero degrees to 3.4 degrees.

The error of the recording apparatus of the Cadiax was investigated.^' Because
the styli and flags are placed at a distance from the vertical axis, the Cadiax is, therefore,

vulnerable to the magnification effect (Figure 1). Thus, the extent of any measuring error
depends on the actual distance traveled by the stylus. For every one millimeter traveled,

the error is less than 0.05 millimeters or 50 micrometers. Overall, the mean measuring
error was found to be less than five per cent.

*
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Figure 1. Stylus and flag placement.

Because mechanical pantographs were the gold standard for obtaining mandibular

border measurements prior to the invention of electronic computerized pantographs, such
as the Cadiax and the Denar Pantronic, a valid concern was the consistency of the these
new products. One study reported that the Denar Pantronic was more consistent than the

mechanical pantograph.^^ SEA and PMLT varied three degrees 98.3 per cent of the time
and early mandibular lateral translation(EMLT)varied 0.3 millimeters 91.7 per cent of
the time.

The three dimensional measuring error on the NewTom 9000 cone beam

volumetric tomography was investigated by Marmulla et. al.^^ Using a measuring object
with 216 known points of geometric positions, the authors found a mean geometric
deviation of 0.13 millimeters + 0.09 millimeters. Thus, it was concluded that the

NewTom 9000 would provide images that are geometrically correct.

CHAPTER TWO
MATERIALS AND METHODS

Overview and Experimental Design

Fifteen subjects(n=15)from the Loma Linda University School of Dentistry were
selected for participation in this study following the approval of the Institutional Review
Board for studies involving human subjects. Subjects had no signs or symptoms of TMJ

pathology as accessed by palpation, listening, and patient interview. Mandibular tracings
of each patient were recorded using the Cadiax® Compact axiograph at the kinematic

hinge axis. The following data were collected: sagittal eminential angle (SEA),
progressive mandibular lateral translation(PMLT),and early mandibular lateral
translation(EMLT).

Table 1. Number of samples allocated for analysis (n).
SEA

PMLT

EMLT

Right

Right

Right

Cadiax®

15

15

15

NewTom 3G

15

15

15

Three centric relation(CR)records were obtained using Panadent Bite Trays.

Next, a kinematic facebow transfer(D31AB facebow (Denar® Waterpik Technologies,
Fort Collins, CO)was used to mount the maxillary cast on a calibrated Denar D5A
articulator. The CR mounting was verified by using the Denar Vericheck device. A CR

jig was fabricated from acrylic resin (Splint Resin Polymer, Great Lakes, Orthodontics,
LTD,Tonawanda, NY)at the same vertical dimension as the CR record.

Radiopaque orthodontic spacers were affixed to the kinematic hinge axis and the
anterior reference point. Patients wore the CR jig and then received a NewTom scan of

their head. Using the New NewTom Technology(NNT)software version 2.0(NIM s.r.l.
Verona, Italy), mandibular border measurements were assimilated to a plane parallel to
the kinematic hinge axis and the anterior reference point. This was the same reference

plane used for the Cadiax. The right condyle and surrounding relevant anatomical
structures were mapped in all three planes of space in one-millimeter sections. SEA,

PMLT,and EMLT were obtained from the NewTom 3G data and compared to the
Cadiax findings.

Denar® Cadiax® Compact(Water Pik, Inc., Fort Collins, CO)

Patients were seated in an upright position (Figure 2). The maxillary bow was

inserted in the right and left external auditory meatus, and secured at the nasion position
and a head strap. The mandibular clutch was filled with polyvinyl siloxane(PYS)
occlusal registration material (Exabite IINDS GC America, Alsip, IL). The clutch was
inserted over the mandibular arch and oriented in the mid-sagittal plane. Next, the

kinematic hinge axis mandibular bow was attached to the clutch and the kinematic hinge

axis was determined when the styli no longer deviated in the sagittal plane during
rotational movements of the condyles in CR. Flags and styli were placed and connected
to the computer. A single reference point was measured in centric relation(CR).

Protrusive, left and right working movements were recorded. Early mandibular lateral
translation(EMLT)was induced.

N

%
jcr
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Figure 2. Denar® Cadiax® Compact.

The information was downloaded to a computer and interpreted by the Gamma
Dental software version 3.01. The SEA coordinates in the x-z axis were transferred to a

graphing program (Excel, Microsoft Corp., Redmond, WA). These data were plotted on
a graph and converted to a strait line by linear regression. The slope of the line was
converted to degrees. EMLT and PMLT were recorded directly from the Gamma Dental
software.

Kinematic Facebow Transfer

The Denar D31AB facebow (Denar® Waterpik Technologies, Fort Collins, CO)
was referenced at the kinematic hinge axis and an anterior point 22 mm below nasion

(Figure 3). Exabite II (Exabite IINDS GC America, Alsip, IE) was applied to the
maxillary clutch and inserted over the maxillary arch in the mid-sagittal plane. All
screws were tightened and checked for accuracy. The intercondylar distance(ICD) was

obtained using a corrected adjustable sliding ruler provided by Denar®. Finally, the
kinematic face bow was used to re-index the axis points on the skin on the same day that
the NewTom was to be taken.

Figure 3. Kinematic face bow mounted on the Denar D5A articulator.

Centric Relation Records

Bite Tray Registration Plates(Panadent Corp, Grand Terrace, CA)were adapted

to the maxillary arch (Figure 4). Zinc-oxide non-eugenol occlusal registration material
(Nogenol, GC America, Alsip, IE) was applied to the tray and inserted over the maxillary

teeth. Type II brown modeling plastic (Kerr, Romulus, MI)was added to the tray on the
mandibular side in the anterior region. The tray was heated in warm water until the
brown modeling plastic became soft. The tray was inserted into the mouth and the

mandibular incisors indexed the compound while in CR under chin-point guidance. The
mandibular posterior teeth did not occlude with the tray at this time. The excess
modeling plastic was trimmed away with a sharp cutting blade. Zinc-oxide non-eugenol
occlusal registration material was added to the rest of the tray on the mandibular side.
The tray was reinserted into the mouth. The mandibular anterior teeth were gently

guided into the anterior index and the registration material was allowed to set. During the
entire setting time, the patient was asked to squeeze his teeth together with light force.
This process was performed three times to obtain a total of three CR records.

^8^

Figure 4. Panadent Bite Tray Registration Plate centric relation records.

Making Impressions and Pouring Dental Stone

Alginate impression material (Type I Fast Set Alginate, Cadco, Oxnard, CA)was
mixed according to the manufacturer's recommended water to powder ratio in a

mechanical mixing bowl(Alginator II, Cadco, Oxnard, CA). Coe Spacer™ Trays(GC
America, Alsip, IL) were lightly coated with adhesive(Hold™ Impression Tray

Adhesive, Waterpik Technologies, Fort Collins, CO)and allowed to dry for five minutes.
The impression tray was loaded with the irreversible hydrocolloid impression material

and inserted into the mouth. Impression disinfectant(Asepto-sol™, Los Angeles, CA)
was sprayed onto the impression and stored in a sealed bag for the recommended contact
time of ten minutes. Type III dental stone (Mierostone, Whip Mix, Louisville, KY)was
mixed with a mechanical mixing bowl under 25 psi(Vacuspat, Whip Mix, Louisville,

KY)and poured into the surfactant sprayed (Delar Surfactant, Delar Corp., Lake Oswego,
OR)alginate impression with vibration (vibration machine. Whip Mix, Louiville, KY).
The gypsum casts were separated from the impressions after 30 minutes.

Mounting Casts

The maxillary stone cast was mounted with white mounting stone(Whip Mix,
Louisville, KY)in a calibrated Denar D5A articulator(Denar® Waterpik Technologies,

Fort Collins, CO)with the kinematic facebow. According to the manufacturer of the

Cadiax®, no alteration or adjustment of the Denar D5A was necessary to correctly read
the measurements of mandibular border positions, as long as the reference plane was the
same. This fact is mentioned here because some articulators, such as the SAM®,do

require further adjustment in order to reproduce accurate readings. Next, one of the three

CR records was selected randomly for mounting ofthe mandibular cast to the maxillary
cast. This mounting was verified (Figure 5)by using the Vericheck instrument(Denar®
Waterpik Technologies, Fort Collins, CO). When the CR record used in the mounting of
the cast was not coincident with another CR record, the mandibular cast was remounted
with one of the CR records that did coincide.

Figure 5. Centric relation mounting was verified by using the Vericheck instrument.

Fabrication of the Centric Relation Jig
Once the stone casts had been properly mounted, tin-foil substitute (Al-Cote®,

Dentsply Trubyte, York,PA)was applied to the surfaces of the teeth and allowed to dry.
The incisal pin was set to the same vertical dimension as the CR record used to mount the

casts together. A polyvinyl siloxane lab putty (Coletene/Whaledent Inc., Cuyahoga Falls,
OH)was applied to the undercuts of the casts, leaving the occlusal surfaces exposed
(Figure 6).

Figure 6. Application of a lab putty to the undercuts of the casts.

Clear autopolymerizing acrylic resin (Splint Resin Polymer, Great Lakes,

Orthodontics, LTD,Tonawanda, NY)was mixed with the monomer(Splint Resin
Monomer, Great Lakes, Orthodontics, LTD,Tonawanda, NY)and applied to the occlusal

surfaces of the teeth when the resin was between the "sticky" and "doughy" phase of
polymerization (approximately 150 seconds). The articulator was closed and secured

with four rubber bands. Then the articulator was inserted into a water bath at 145 degrees
Fahrenheit and allowed to polymerize for fifteen minutes under 20 PSI. The impression
of the fossae and marginal ridges of the teeth were removed on the acrylic and only the
cusp tips of the teeth remained. Then the CR jig was polished and stored in room

temperature tap water(Figure 7). Before the patients obtained the NewTom,the CR jig
was checked intra-orally in the mouth for complete seating.
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Figure 7. Centric relation jig.

Adhesion of Radiopaque Markers

Radiopaque orthodontic spacers were attached to the patient's skin with medical

adhesive tape (Transpore™ 3M, St. Paul, MN). The following landmarks were used:
kinematic hinge axis and 22 mm inferior from nasion on the right and left side of the face
(Figure 8). These landmarks were identified by indexing the patient's original kinematic
hinge axis facebow.

Figure 8. Location of radiopaque markers on the face.

NewTom® 3G Cone Beam Volumetric Tomography

Once the radiopaque reference points were attached and the CR jig was checked
and placed intra-orally, the patient was ready for the NewTom 3G recording(QR-DVT
9000 NewTom® 3G,NIM s.r.l. Verona, Italy)(Figure 9). The patient was oriented along
the mid-sagittal plane while lying in a supine position. The volumetric data was

compiled with the New NewTom Tomography(NNT)software(NIM s.r.l. Verona, Italy)
and the reference plane was oriented to the kinematic hinge axis and the anterior
reference point 22 millimeters inferior to nasion. Therefore, the horizontal plane was

parallel to the reference plane used by the Cadiax.

Figure 9. NewTom® 3G.

Para-sagittal sections of the condyle (medial pole to lateral pole) and surrounding
structures were obtained in one-millimeter increments (Figure 10). These images were

printed as a one to one ratio. The name of the patient was replaced with a unique
identification number in order to minimize bias by the examiner. One-millimeter
transparent graph paper was placed over the printed images ofthe articular surfaces.
Using a 200 micron thick black pen, the articular surface of the temporal bone from the
most superior position to the most inferior position was traced onto the graph paper

(Figure 11). The two dimensional coordinates were magnified five times by projecting
the image onto a screen. These coordinates were then recorded and transferred to a
graphing program (Excel, Microsoft Corp., Redmond, WA). The values from these
curves were compared to the SEA obtained from the Cadiax.
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Figure 10. Sagittal sections of the right condyle and articular surface. A=anterior,
P=posterior. Ear canal is labeled and a tracing of the articular eminence is demonstrated
in section number 3.
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Figure 11. Tracing of the articular surface of the temporal bone from the most
superior position to the most inferior position.

Coronal sections of the condyle and surrounding structures were obtained in one

millimeter increments (Figure 12). These images were magnified to 300% and analyzed
directly from the computer screen. The distance from the medial pole ofthe condyle to
the articular surface of the temporal bone was measured in millimeters. These values
were compared to the EMLT obtained from the Cadiax.
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Figure 12. Coronal section of the condyle. 2.5 mm is the distance
between the superior pole of the condyle and the articular surface. 0.4
mm is the distance between the medial pole of the condyle and the
articular surface.

Finally, the horizontal plane was re-oriented to a plane nearly parallel to the
sagittal eminential angle (SEA) in order to obtain values for the progressive mandibular
lateral translation (PMLT) (Figure 13). The reason that the horizontal plane had to be
changed from the axis-third point of reference plane is that the medial wall overlapped
with the anterior/superior aspects of the articular eminence (Figure 14). Hence, in order

to isolate the medial wall, the artifact from the anterior/superior borders of the temporal
bone had to be removed by re-orienting the horizontal plane to the SEA. Angle
measurements were made directly on the computer screen on the magnified temporal
articular surface. The vertex of the angle was coincident with the medial pole of the
condyle. These values were compared to the PMLT obtained by the Cadiax.

m

Figure 13. Axial section parallel to sagittal eminential angle.
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Figure 14. Axial sections parallel to reference plane.
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Analysis of Occlusal Patterns

A calibrated Denar® D5A articulator was modified by attaching a scribing
surface in the three planes ofspace on the maxillary cast at the level ofthe first maxillary
molar. A scribe located at the approximate position ofthe distobuccal cusp of the first
mandibular molar was placed in the frontal, horizontal and sagittal planes. Measurements

obtained from the Cadiax and the NewTom 3G were used to program the articular
settings; albeit, posterior wall inclination and superior wall inclination were held
constant. Occlusal patterns obtained from the Cadiax and the NewTom 3G were scribed

with a Denar® pantographic scriber onto the scribing surface (Figures 15 and 16). The
patterns obtained were then described qualitatively.

9

Figure 15. Scribe located at the approximate position ofthe distobuccal cusp of the first
mandibular molar.

Figure 16. Occlusal pattern etched onto the scribing surface.

Statistical Analysis

The Cadiax recordings served as the control group and the recordings obtained
from the NewTom 3G made up the experimental group. SEA,PMLT,and EMLT were

the variables that were compared. SEA and PMLT were measured in angle degrees, and
EMLT was recorded as a distance in millimeters.

The Pearson's coefficient of correlation and the Paired Samples Test were used to

test the null hypothesis that there were no differences among the three variables obtained
from the Cadiax and the NewTom 3G. In order to assess the reliability of the
experimenter, the intra-rater reliability was examined using the Pearson's coefficient of
correlation.

CHAPTER THREE
RESULTS

Intra-rater Reliability Test

The Pearson's coefficient of correlation was used to test the reliability of the
measurements obtained from the NewTom 3G. Five one-millimeter radiographic
sections of the condyle in the sagittal plane were randomly chosen for this test. The
articular surface of the temporal bone was measured as previously described in Chapter
Two. These measurements were repeated five times on five separate days.
As the results in Table 2 indicate, there was a strong positive correlation among
the measurements. Hence, the examiner's ability to execute the aforementioned
methodology was deemed to be highly reliable.

Table 2. Pearson's coefficient of correlation of the articular eminence

Day 1
Day 1

Day 2

Day 3

Day 4

Day 5

+1.000

+0.999

+0.999

+1.000

Day 2 +1.000

+1.000 I +1.000 I +1.000

Day 3 +0.999 +1.000

+1.000 I +1.000

Day 4 +0.999 +1.000 +1.000
Days +1.000 +1.000 +1.000 +1.000

+1.000

Gender and Age

Ofthe 15 subjects used in this study, nine were male and six were female. The

mean sagittal eminential angle(SEA)obtained from the Cadiax was 40.8°(+ 5.3°) for the

male subjects and 44.7°(+ 7.5 °)for the female participants. A two-tailed t-test
demonstrated that there were no differences between males and females.

The mean age was 31 years with a range from 26 to 51 years. The median age
was 29 years. No differences between SEA obtained from the Cadiax and age were
found using a two-tailed t-test(Table 3).

Table 3. Raw data of patient's age and SEA obtained from the Cadiax.
Patient's Age
SEA
(years)
(Cadiax)
(degrees)

26

39

27

43.8

27
28
28
29
29
29
31
31
31
32
36
37

48.2
38.5
40.1
47.8
52.6
43.7
52.9
35
41.9
35.7
31.9
37.4

51

46.3

Sagittal Eminential Angle Obtained from Cadiax and NewTom 3G

Linear regression was utilized to convert the sagittal eminential angle(SEA)from
a curve to an average slope, and the slope was then converted to degrees. Five aspects of

the NewTom 3G curves Avere compared to the corresponding Cadiax curves. To achieve
this comparison, linear regression was used to convert the sagittal eminential angle(SEA)
from a curve to an average slope, and the slope was then converted to degrees. The five
areas of comparison were:

1) the entire curve from the most superior point to the most inferior point of the
articular eminence,

2) the curve without the first and last data point,
3) the curve without the first and last two data points,
4) the curve without the first and last three data points, and

5) the curve without the first three data points(See example on Figure 17).

In addition to this analysis of SCI obtained from the NewTom 3G,the data were
categorized into the following groups:
A) all sections of the articular eminence,

B) just sections from the medial third of the articular eminence,
C) just sections from the middle third of the articular eminence, and
D) just sections from the lateral third of the articular eminence.

Curve Without First and Last Data Points

Entire Curve Obtained from NewTom 3G

Obtained from NewTom 3G

6

8

10

X-axIs(millimeters)

X-axis(millimeters)

Curve Wrthout First and Last Two Data Points

Curve WKhout First and Last Three Data Points

Obtained from NewTom 3G

Obtained from NewTom 3G

X-axIs(millimeters)

X-axIs(millimeters)

Curve Without First Three Data Points Obtained
from NewTom 3G

X-axIs(millimeters)

Figure 17. Example of the curves obtained from the NewTom. 1) entire curve from the
most superior point to the most inferior point of the articular eminence, 2)curve without
the first and last data point, 3)curve without the first and last two data points, 4)curve
without the first and last three data points, and 5)curve without the first three data points.
(The error bars are smaller than the symbols used for the data points).

For the mean SEA obtained from the NewTom 3G, there were five sets of data

per group for a total oftwenty sets. In addition, the median SEA was also analyzed.
Because there were no significant differences between the mean and the median, only the
mean SEA was reported.

Table 4. Pearson's coefficient of correlation results for sagittal eminential angle(SEA)
with corresponding p values. l=entire curve, 2=curve without first and last data point,
3=curve without first and last two data points, 4=curve without first and last three data
points, 5=curve without first three data points, A=all sections, B=medial third, C=middle
third, and D=lateral third.

Pearson's

lA
2A
3A
4A
5A
IB
2B
3B
4B
5B
IC
2C
3C
4C
5C
ID
2D
3D
4D
5D

_

.

coefficient of correlation
+0.3583
0.1897
+0.3818
0.1602
+0.3399
0.2152
+0.3297
0.2301
+0.6031
0.0173*
+0.2198
0.4312
+0.1813
0.5178
+0.0501
0.8593
-0.0200
0.9434
+0.4664
0.0797
+0.2698
0.3308
+0.2750
0.3213
+0.3093
0.2619
+0.3761
0.1671
+0.5756
0.0247*
+0.3387
0.2169
+0.3489
0.2024
+0.3344
0.2231
+0.3214
0.2427
+0.3762

0.1669

A significant correlation was found in the Group A (all sections) and Group C
(middle third) comparisons when the first three data points were removed from the curve
(Table 4). 5A demonstrated a substantial correlation with a Pearson's coefficient

correlation of +0.6031 (p<0.05)(Figure 18). 5C showed a moderate correlation with a
Pearson's coefficient of correlation of+0.5756 (p<0.05).
The Paired Samples Test was applied to 5A (where the first three data points were

removed from the curve and all sections were utilized). The mean difference was 2.17°

(+ 5.12°) at the 95% confidence interval with a range from -0.664 ° to +5.01°. The mean

SEA obtained from Cadiax and NewTom 3G was 42.3° + 6.3° and 40.1° + 4.6°,

respectively (Figure 19). Because SEA is a curve rather than a strait line, graphs with
second-order and third-order polynomial functions were produced (Figures 20 and 21).
The coefficients and constants of the polynomial equations were compared. No
significant correlation was found among these polynomial functions.

R Sq Linear = 0.364

30.0

30.0

35.0

40.0

45.0

50.0

55.0

SEA obtained from Cadiax (degrees)

Figure 18. Scatter plot diagram with linear regression and 95 per cent confidence of SEA
obtained from the Cadiax and New Tom 3G units.
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Figure 19. SEA data and linear regressions with equations frorr
Series l=Cadiax and Series 2=NewTom 3G. (The error bars an
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Figure 20. SEA data and second-order polynomial functions with equations from all
fifteen patients. Series l=Cadiax and Series 2=NewTom 3G. (The error bars are smaller
than the symbols used for the data points).
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Figure 21. SEA data and third-order polynomial functions with equations from all fifteen
patients. Series l=Cadiax and Series 2=NewTom 3G. (The error bars are smaller than
the symbols used for the data points).

The mean, standard deviation, minimum, and maximum values for the four

groups were made for NewTom 3G curves without the first three data points(Table 5).
In addition, the medial third(Group 5B), the middle third (Group 5C), and the lateral
third (Group 5D)were compared to the all sections group(Group 5A)(Table 6). Of
these groups, the middle third (Group 5C) had the highest correlation to the all sections
Group (A5).

Table 5. Summary ofSEA values obtained from the NewTom 3G among the four
groups. A=all sections, B=medial third, C=middle third, D=lateral third, and 5=curve

without first three data points.

I 5A I SB I 5C I 5D
Mean (degrees) 40.1

37.9 39.9 42.9

Std. Deviation

4.64

5.70

Minimum

32.1 27.1 31.5 33.2

Maximum

48.4

49.4

5.92

48.1

5.96

51.5

Table 6. Summary of SEA statistics obtained from the NewTom 3G. A=all sections,
B=medial third, C=middle third, D=lateral third, and 5=curve without first three data
points.
Pearson's
Coefficient

Paired Differences
Mean

of

Std
Deviation

Correlation

95% Confidence
Interval
Lower

Upper

Significance
Level, 2tailed T-test

5A-5B

+0.720

2.233

3.994

4.445

0.48

5A-5C

+0.879

0.2467

2.887

-1.352

1.846

0.746

5A-5D

+0.804

-2.726

3.543

-4.688

-0.7649

0.010

Progressive Mandibular Lateral Translation Obtained from Cadiax
and NewTom 3G

Progressive mandibular lateral translation(PMLT)was compared and analyzed
from measurements obtained from the Cadiax and the NewTom 3G. The PMLT mean of

Cadiax and NewTom 3G was 7.60° + 3.91° and 9.77° + 3.18°, respectively. The
Pearson's coefficient of correlation was +0.649(p<0.01). Linear regression
demonstrated the following relationship (Figure 22);
PMLT(NewTom 3G)= 0.529*PMLT(Cadiax)+ 5.7
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Figure 22. Scatter plot diagram with linear regression and 95 per cent confidence of
PMLT obtained from the Cadiax and the New Tom 3G.

Early Mandibular Lateral Translation Obtained from Cadiax and NewTom 3G
Early mandibular lateral translation(EMLT)of the right condyle was compared

and analyzed from measurements obtained from the Cadiax and the NewTom 3G. Table
7 displays the EMLT measurements taken from the Cadiax and the NewTom 3G. The
Pearson's coefficient of correlation was +0.148 (p>0.05) indicating no correlation for
EMLT between two tests.

Table 7. EMLT of the right condyle obtained from the Cadiax and the NewTom 3G.
Patient #

EMLT of Rieht Condvle (millimeters
Cadiax
0
0.4

NewTom 3G

Evaluation of Right and Left Condyles in Centric Relation

To the author's knowledge, this was the first time the NewTom 3G has been used
to describe the relationship of the right and left condyles in relation to the articular
surfaces while in centric relation(CR)(Tables 8 and 9).

In the coronal radiographic section, the mean distance between the superior aspect
of the condyle and the articular eminence was 2.16 mm + 0.630 mm on the right and 2.49

mm j^O.784 mm on the left. In the same section, the distance between the medial pole of
the condyle and the articular eminence was 2.62 mm +1.16 mm on the right and 2.79
mm +1.17 mm on the left.

In the sagittal radiographic section, the distance between the superior aspect of the
condyle and the articular eminence for the 15 test subjects averaged 1.88 mm + 0.702

mm on the right and 1.74 mm + 0.591 mm on the left. In the same radiographic view, the
mean distance between the anterior aspect of the condyle and the articular eminence was
2.54 mm + 0.794 mm on the right and 2.8mm + 0.953 mm on the left. The mean distance

between the posterior aspect of the condyle and the articular eminence in the sagittal
radiographic plane was 2.12 mm jiO.75 mm on the right and 2.18 mm + 0.717 mm on the

Table 8. Values represent the distance between the right condyle and the articular
surface of the temporal bone.
Right

Sagittal

Coronal
Medial

Std Deviation

Superior

Anterior

Posterior

2.16

2.62

1.88

2.54

2.12

0.630

1.16

0.702

0.794

0.750

Table 9. Values represent the distance between the left condyle and the articular
surface of the temporal bone.
Left

Coronal
Mean(mm)
I Std Deviation

Sagittal

Superior Medial Superior
2.49
2.79
1.74

0.784

1.17

0.591

Anterior Posterior
2.80
2.18

0.953

0.717

Evaluation of Occlusal Patterns

Sagittal eminential angle(SEA)and progressive mandibular lateral translation
(PMLT)were independently evaluated for the effects on occlusal patterns in the three
planes ofspace. Two outliers, with respect to SEA and PMLT,were chosen from the

study. One patient had SEA measurements of 52.6° from the Cadiax and 38.5 ° from the
NewTom 3G. Another patient had PMLT measurements of five degrees from the Cadiax

unit and 12.7° from the NewTom 3G. When SEA or PMLT was programmed to these
settings on the Denar D5A articulator, all other variables were held constant.

In the horizontal plane, only a minor variation of the stylus path was observed

when PMLT was altered. As PMLT increased, the stylus traveled a more mesial path in
working and non-working movements (Figure 23). No differences in the occlusal pattern
were noted when SEA was altered (Figure 24).
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Figure 23. Working and non-working occlusal patterns in the horizontal plane obtained
when PMLT was increased from five degrees to 12.7°.
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Figure 24. Working and non-working occlusal patterns obtained in the horizontal plane
when SEA was decreased from 52.6° to 38.5 °.

In the coronal plane, no differences in the working and non-working occlusal
patterns were noted (Figures 25 and 26).

'Wf.

Figure 25. Working and non-working occlusal patterns obtained in the coronal
plane when SEA was decreased from 52.6° to 38.5°.
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Figure 26. Working and non-working occlusal patterns in the coronal plane
obtained when PMLT was increased from five degrees to 12.7°.

In the sagittal plane, differences in scribing patterns were observed. It was
demonstrated that during a protrusive movement,the steeper the SEA,the steeper the

effective path ofthe stylus on the scribing surface (Figure 27). However, no noticeable
changes were seen in working and non-working movements when PMLT or SEA were
modified.
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Figure 27. Protrusive occlusal pattems obtained in the sagittal plane when SEA was
decreased fi-om 52.6° to 38.5 °.

CHAPTER FOUR
DISCUSSION AND CONCLUSIONS
Overview

The results ofthis investigation indicate that the NewTom 3G may provide
similar information for deriving articular settings as the Cadiax with respect to sagittal

eminential angle(SEA)and progressive mandibular lateral translation(PMLT). No
correlation was found for recordings obtained from the NewTom 3G and the Cadiax for
early mandibular lateral translation(EMLT).

Setting an articulator using NewTom 3G measurements is not a time-saving
technique when compared to the Cadiax. A practitioner can obtain articulator settings

using a Cadiax unit within 15 to 30 minutes. Using the methodology described in
Chapter Two,the NewTom 3G takes approximately ten times longer than the Cadiax to
obtain the same measurements. However, an advantage of the NewTom 3G technique
for obtaining articulator settings is that the dentist saves chair-time because the
measurements are obtained outside the dental office. Other methods of obtaining

articulator settings are I)interocclusal records made from wax, acrylic, or impression
plaster, and 2) analog pantographic tracings.
Even though interocclusal records were not compared in this study, this method of

programming an articulator is mentioned here because of its wide-spread routine use in
the dental profession. Protrusive and laterotrusive wax records take approximately 30

minutes to make. The time involved in creating an analog pantographic tracing may take
up to three to four hours.

In the Department of Prosthodontics at Loma Linda University School of
Dentistry, the cost of a Cadiax tracing is $450. The fee reflects the high level of skill

required in operating the Cadiax properly and the multitude ofinformation obtained from
the procedure. In addition to obtaining articulator settings, the program enables the
operator to view 1)the condyles in motion with the fourth dimension of time, 2)the

horizontal axis as a function of time, and 3)any disruption ofthe condylar path. As
mentioned in Chapter One, this extra information can also facilitate splint fabrication for

subluxated joints. Patients could be monitored during physical therapy for certain
disorders, such as discopathy and derangement of the temporal mandibular joint(TMJ).
The cost of a NewTom 3G at the Loma Linda University School of Dentistry,

Department of Orthodontics, is $150. The images can be used in routine dental care,
implant diagnostics, pathology screening, TMJ analysis, orthodontic diagnostics and
planning of oral surgery procedures,just to name a few.
The cost of the materials required to make intaoral records is negligible and
incidental to the procedure being undertaken. Hence, this is a good technique from a cost

and time standpoint. However, this method has the following drawbacks: distortion of
the wax, poor adaptation to the casts, risk of subluxating the TMJ and incorporating that
error into the record, inaccuracies in recording correct measurements, and obtaining a
minimal amount of information.

Overall, patients with little or no EMLT and a mutually protected occlusal
scheme, the NewTom 3G may be an alternative to the Cadiax for programming a semi-

adjustable articulator or a virtual articulator. When considering the effects that EMLT
has on occlusal patterns, the following statements may be recalled from Chapter One. In

the horizontal plane, EMLT influences the cusp travel of a non-working movement of the
97 .. .

maxillary lingual cusp through the distobuccal groove of the mandibular molar.

The

greater the EMLT,the more mesial is the distobuccal groove. The lesser the EMLT,the
more distal is the location of the distobuccal groove. EMLT affects the width ofthe
central fossa of the posterior teeth and the lingual concavity of the anterior teeth. The

greater the EMLT,the greater the width of the central fossa ofthe posterior teeth must be
and the greater the lingual concavity of the anterior teeth must be. In the coronal plane,
the greater the EMLT the more shallow are the inner inclines ofthe posterior teeth and
31

the larger are the dimensions of the lingual concavity of the anterior teeth.

Because no correlation was found for EMLT,the theoretical occlusal patterns of
the restoration might be different. Specifically, the direction of the distobuccal groove,
the width of the central fossa, and the inner inclines of a restoration may be affected if the
actual EMLT is greater than the EMLT used to program the articulator. Therefore, if the
NewTom 3G is used to set a semi-adjustable articulator or a virtual articulator, the final
restoration may require further adjustments of the areas just described following its
fabrication.

Since SEA and PMLT would be the only factors used to set the articulator, these
articular settings would be useful in determining the mesiodistal height of the cusps and

the inclination of the non-working inner inclines. Recall from Chapter One that a steep
SEA may result in greater height, whereas a shallow SEA must result in a reduced cusp

height.^^ When non-working movements are considered, a steep path may result in steep
inclines of the mesial aspect of the lingual incline of the mandibular buccal cusps and the

distal aspect of the facial incline of the maxillary lingual cusps; and the reciprocal rule

occurs for a shallow path. When the effects ofPMLT are considered, a greater PMLT
angle will result in a more mesial placement of the distobuccal groove of a mandibular
molar; whereas a lesser PMLT angle will result in a more distal placement ofthe

distobuccal groove.^^

The Cadiax provides the dentist with comprehensive and accurate data.^^'^^
Articular settings obtained from the Cadiax may be used to program a semi-adjustable
articulator or a fully-adjustable articulator. Most semi-adjustable artieulators, such as the

Hanau Modular have settings for SEA,PMLT,and EMLT. Fully-adjustable artieulators,
such as the Denar D5A,have additional settings: posterior wall inclination (PWI),
superior wall inclination(SWI), and the intercondylar distance (ICD). The advantage of

using a fully-adjustable articulator compared to a semi-adjustable articulator, assuming
the casts are mounted accurately, is the theoretical reduction of intra-oral adjustments or
remounting of the casts for laboratory adjustments. Thus, the less information used to
program an articulator (i.e. NewTom 3G or interocclusal records), the less ideal is the
restoration from the theoretical one. Thus, when multiple restorations are plarmed for a

patient, the clinician should acquire, in his best judgment, the proper amount of
diagnostic information to obtain the most accurate and predictable outcome.
Interocclusal records may be used to set SEA and PMLT. However, these records

provide a limited amount of data. Only two points of information are obtained: 1)the

starting point(maximum intercuspation or centric relation), and 2)one point further
along the path (obtained from the interocclusal record). Therefore, the information

between these two points and beyond is unknown. In addition to being incomplete.
interocclusal records have been reported to be inaccurate when compared to extraoral

tracings.''® The authors suggested that these findings may be due in part to deformation
of the wax records. Thus, if the clinician decides that more accurate and complete

information is needed, then a Cadiax recording would be better than interocclusal
records. Furthermore, the cost to the patient of obtaining diagnostic data from the Cadiax
would be justified.
SEA and PMLT measurements obtained from the NewTom 3G were found to

have a substantial correlation to measurements obtained from the Cadiax. However, the

justification of exposing a patient to radiation for the sole objective of deriving articular
settings is questionable. However, if other important information can be obtained from

the NewTom scan (i.e. routine radiographs, implant diagnostics, etc.), then the
aforementioned objective would be justified.
The Pearson's coefficient of correlation was frequently used in the interpretation
of the data obtained from the instruments. Outcomes from this statistical test have a

range from -1 to +1. A positive number indicates a positive correlation, whereas a
negative number implies a negative correlation. Outcomes near or at zero signify no

correlation. Values from +0.8 to +1.0 represent a near perfect correlation, and values
from +0.6 to +0.8 indicate a substantial agreement.

Intra-rater Reliability Test

When evaluating the reliability of the examiner, the Pearson's coefficient of
correlation was employed. Near perfect results were obtained from this exercise which
means that the examiner was consistent with the chosen methodology of data collection.

Gender and Age
No differences were noted between the Cadiax and the NewTom 3G when the

gender of the subject was considered. When all subjects were analyzed, no correlation
was found between age and SEA.

Sagittal Eminential Angle

Sagittal eminential angle(SEA)was compared from measurements obtained from
the Cadiax and the NewTom 3G. One of the challenges with this analysis was that the

starting point of the downward and forward motion of the condyle was unknown on the
radiograph. Therefore, different aspects of the curve had to be independently analyzed
against the entire Cadiax curve. The best correlation between the Cadiax and the
NewTom 3G was when the whole curve of the Cadiax was compared to the curve of all
the sections(Group A)obtained from the NewTom 3G minus the first three data points
(Group 5)(first three millimeters in the x-axis)(Figure 17-5).
The Pearson's coefficient of correlation for the 5A Group was +0.6031.

Therefore, the SEA measurements obtained from the NewTom 3G are in substantial

agreement with the Cadiax measurements. It must be stressed, however, that this high
level of correlation was demonstrated through linear regression of a series of curves. The

actual shape of the curves was not similar by statistical comparison. That is, when the
coefficients of the second and third-order polynomial functions were compared, no
correlation was found between the Cadiax and the NewTom 3G. The protrusive path

obtained from the Cadiax was generally a second-order polynomial curve. For example,
if a U. S. quarter would be placed at the superior-anterior part of the articular eminence.

then the beginning of the curve would start at George Washington's nose and finish at the
base of his neck. Most curves obtained from the NewTom 30, however, were of the

third-order polynomial type. That is, the curve was sigmoidal in shape. Future studies
should be conducted to compare the shape ofthe protrusive paths obtained from the
Cadiax and the NewTom 30.

Occlusal Patterns

A scribe located at the approximate position of the mesiobuccal cusp of the first

mandibular molar was used to scribe occlusal patterns onto a scribing surface. To the
author's knowledge, this was the first time a scribe was placed onto the mandibular
member of the articulator for this purpose. (Other published investigations placed the
scribe onto the maxillary member in order to simulate the cusp travel of the mesiolingual

cusp of the first maxillary molar). The advantage of placing the scribe onto the
mandibular member is that it is easier to visualize the chewing cycle when the surrogate
for the mandible moves, rather than the maxilla. Patterns obtained from the scribing
surface were used to demonstrate the cause and effect relationship between the border
positions ofthe mandible and the resulting occlusal patterns.
When the occlusal patterns were analyzed in the sagittal plane, a substantial
difference was noted. An outlier patient was used in the analysis. This patient was 28

years of age and female. The SEA was 52.6° obtained from the Cadiax, and 38.5 ° from
the NewTom 30. When using measurements from the NewTom 30 for this outlier
patient, the effective cusp angle mesio-distally would be flatter than using measurements
from the Cadiax. Even though protrusive interferences would be minimized in this

situation, the aesthetics would be compromised because flatter cusps are considered to he
less aesthetic. On the other end of the spectrum, some patients obtained higher SCI
measurements from the NewTom 3G than from the Cadiax. Therefore, minor occlusal

interferences would be incorporated into the restoration. As a result, the restoration

would require additional laboratory or chair-side adjustments following fabrication.
Occlusal patterns were also obtained from an outlier patient with respect to

progressive mandibular lateral translation(PMLT). (This patient was not an outlier with
respect to SEA, age, or gender). This patient was 31 years of age and male. The PMLT
was 5.0° obtained from the Cadiax, and 12.7° from the NewTom 3G. Only a minor
deviation of the occlusal pattem was observed in the horizontal plane. Even though

PMLT influences the ridge and groove direction in the horizontal plane in non-working
mandibular movements, as mentioned in Chapter One, the extremes ofPMLT from zero

degrees to 25° change the path ofthe mesiolingual cusp ofthe maxillary first molar by

only eight degrees through the distobuccal groove of the mandibular first molar.^''
Therefore, the minor changes seen in the occlusal patterns may not be clinically relevant.

Progressive Mandibular Lateral Translation
One challenge with this study involved the methodology of measuring PMLT on a

horizontal radiographic section obtained from the NewTom 3G. By using the axis-third

point of reference plane as the horizontal plane, overlap of the superior and anterior
aspects of the articular eminence impeded attempted PMLT measurements (Figure 14).
The horizontal plane was reoriented to be parallel with the SEA. This adjustment was

required to isolate the medial portion of the articular eminence.

The Pearson's coefficient of correlation between PMLT measurements obtained

from the Cadiax and the NewTom 3G was +0.649. In addition, an equation was

proposed to serve as a correction factor when converting measurements from the
NewTom 3G to the Cadiax. The equation is:
PMLT(NewTom 3G)= 0.529*PMLT(Cadiax)+ 5.7

Hence,if the PMLT obtained from the NewTom 3G is 10°, then the Cadiax measurement

would equal 8.1°.
Early mandibular lateral translation(EMLT)describes the lateral shift of the

mandible at the beginning of a laterotrusive movement. As mentioned in Chapter One,
this movement may occur immediately or early. In addition, the early lateral movement
may combine with a progressive path. As previously explained, this mandibular

movement plays an important role in the occlusal patterns ofteeth with respect to the size
of the central fossa, the inner inclines, and the direction of the distobuccal groove of the
mandibular molars.

An effort was made to "brace" the condyles against the medial aspect of the
articular eminence by having the patients wear the centric relation(CR)jig during the
NewTom 3G scan. It was theorized that if the condyles were "braced," then the distance
between the medial pole of the condyle and the articular eminence would have a direct
correlation to the EMLT measured with the Cadiax. Despite these efforts, no correlation

was found between the Cadiax and the NewTom 3G with respect to EMLT.
Therefore, if the NewTom 3G is employed to set an articulator, the final

restoration may require further adjustments following its fabrication of the following
areas: the central fossae, the inner inclines, and at the direction of the distobuccal groove

of the mandibular molars. Additional studies should investigate time-saving methods of

obtaining EMLT. One such investigation could compare the occlusal patterns and central
fossae of the existing dentition to the EMLT obtained from the Cadiax.

Evaluation of Right and Left Condyles in Centric Relation

While in centric relation(CR),the relationship of the right and left condyles was
described in relation to the articular surfaces. These results suggest that approximately

one to three millimeters separates the condyle from the articular surface ofthe temporal
bone when the condyle is in CR (Tables 8 and 9).

Errors and Recommendations

Every effort was made to minimize error in this study. The examiner was blinded
when interpreting the measurements obtained from the NewTom 3G. Only after all the
raw data had been gathered were the true identities of the patients revealed. The only
other major source of error would involve the CR position. Fortunately, verification of
the CR records confirmed that the CR positions were repeatable. Errors of the Cadiax
and NewTom 3G were previously reported in Chapter One.
For the Cadiax, the error in the sagittal eminential angle(SEA)ranged from 0.4

degrees to 2.6 degrees. The progressive mandibular lateral translation(PMLT)had errors

ranging from zero degrees to 3.4 degrees.^^ Another study measured the error of the
Cadiax apparatus and found that for every one millimeter the stylus traveled, the error

was less than 0.05 millimeters or 50 micrometers.^^ Overall, the mean measuring error
was found to be less than five per cent.

The three dimensional measuring error on the NewTom 9000 cone beam

volumetric tomography was investigated by Marmulla et al.^^ Using a measuring object
with 216 known points of geometric positions, the authors found a mean geometric
deviation of 0.13 millimeters + 0.09 millimeters. Thus, it was concluded that the

NewTom 9000 would provide images that are geometrically correct.
In addition to the previous recommendations, additional studies that compare
mandibular border measurements should consider a greater and more diversified patient

base. A deeper understanding of how the meniscus influences mandibular border

positions should be investigated. Finally, software development for the NewTom 3G will
be necessary to facilitate the recording ofreliable and timely mandibular border
measurements in a form that can be readily transferred to an articulator.

Conclusions

Based on the test methodology used in this investigation, the following
conclusions were drawn:

1) A new method for obtaining sagittal eminential angle(SEA)and progressive
mandibular lateral translation(PMLT)measurements from the NewTom 3G
apparatus has been described.

2) Compared to intra-oral records, the NewTom 3G method for obtaining
articular settings does not require chair-time because these measurements can
be deduced by a technician.

3) A significant correlation was found between sagittal eminential angle(SEA)
obtained from Cadiax and NewTom 3G(Groups 5A and 5C)when the curves
were converted to an average slope.

4) No correlation was found between sagittal eminential angle(SEA)obtained
from Cadiax and NewTom when the coefficients of the polynomial equations
were analyzed.

5) No correlation was observed between SEA and the gender ofthe subject.
6) No correlation was shown between SEA and age when all subjects were
included.

7) A correlation was seen between progressive mandibular lateral translation
(PMLT)measurements obtained from the Cadiax and the NewTom.

8) The following equation can convert PMLT measurements obtained from the
NewTom to Cadiax values:

PMLT(NewTom 3G)= 0.529*PMLT(Cadiax)+ 5.7

9) As demonstrated with the occlusal patterns, SEA may he clinically significant,
whereas PMLT may not be clinically significant.

10) No correlation was demonstrated between early mandibular lateral translation
(EMLT)measurements obtained from the Cadiax and the NewTom.

11) The mean distance between the condyle and the articular eminence while in
CR ranged from 1.88 mm to 2.8 mm.
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Due to the large volume ofinformation required for this research project, raw data

may be obtained in the research archives located in the Department of Prosthodontics,
Loma Linda University School of Dentistry, Loma Linda, CA.

